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0 
FOREWORD 

T h i s  r e p o r t  is Volume I1 of a t w o  volume r e p o r t  p r e p a r e d  by t h e  Aero therm 
D i v i s i o n  o f  Acurex C o r p o r a t i o n  unde r  N a t i o n a l  A e r o n a u t i c s  and  Space  A d m i n s t r a t i o n  
C o n t r a c t  N o .  NAS2-6445 which d e s c r i b e s  an  e x t e n s i v e  s c r e e n i n g  test  program u n d e r  0 
c o n v e c t i v e  h e a t i n g  c o n d i t i o n s  €or t h e  complete s p e c t r u m  o f  c a n d i d a t e  s h u t t l e  
o rb i t e r  v e h i c l e  TPS m a t e r i a l s .  V o l u m e  I s e r v e s  as t h e  f i n a l  r e p o r t  u n d e r  t h e  
c o n t r a c t  and  a lso p r e s e n t s  r e p r e s e n t a t i v e  t e s t  r e s u l t s .  Volume I1 ( t h i s  r e p o r t )  
is a c o m p l e t e  t a b u l a t i o n  o f  a l l  t e s t  r e s u l t s  on a l l  t e s t  samples .  T h i s  work 

w a s  s p o n s o r e d  by  t h e  Ames Resea rch  C e n t e r  w i t h  M r .  Nick S. Vo jvod ich  a s  t h e  
NASA T e c h n i c a l  Moni tor .  The Aerotherm Program Manager and p r i n c i p a l  i n v e s t i g a t o r  
was M r .  J ohn  W. S c h a e f e r .  The a u t h o r  g r a t e f u l l y  acknowledges  t h e  s u p p o r t  of 
t h e  T e c h n i c a l  Moni tor  and t h e  Aero therm p e r s o n n e l  who c o n t r i b u t e d  t o  t h e  program. 
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TABULATION OF TEST RESULTS 

0 

A complete tabulation of test results on all test samples of all materials 
is presented in this appendix. This tabulation includes the following: 

Table 1 - Test Sample Description 

Table 2 - Sample Test Conditions 

Table 3 - Test Sample Response 

Table 4 - Test Sample Performance Summary 

Table 5 - Test Sample Surface Catalycity Results 

The information presented in these tables is described below according to each set 
of data presented. Comments are also included where appropriate. 

Table 1 - Test Sample Description 
This table provides the available description of samples tested in order 

0 of increasing sample number. 
and/or the supplier. The table headings are described below. 

Additional details are available from NASA Ames* 

Aerotherm Sample Number - primary numbers used for test sample identifica- 
tion. 

* 

Material Description - available description of the materials from 
which the test samples were made. 

Sample Description - test sample configuration. 
Supplier - source of the test samples or test sample 

materials supplied to NASA Ames for the test 
program. 

Supplier Identification - sample number (if any) assigned by the supplier. 
NASA Ames Reference - date the test samples were provided to Aerotherm; 

key to additional data available at NASA Ames 
and/or the supplier. 

* 
Nick S. Vojvodich, 415 965-6108 
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comments - additional descriptive information where ap- 
propriate 

Table 2 - Sample Test Conditions 
This table provides the complete test conditions to which the test samples 

were exposed. 
typically covered 6 cycles. 
ditions were experienced during any test. 

Data are presented as average conditions for each test which 
No siginficant deviations from the reported con- 

The table headings are described be- 
low. 

Test 

Test Condition 

Model 

- test number identification. 
- basic test condition at which the test was 
run: see Section 3.1.* 

- model numbers used which also corresponds to 

Sample 

S amp le De s cr i p t i on 

Cycle 

Current 

the model sting position. 

- Aerotherm test sample number. 
- material type, configuration, and supplier 
identification where available. 

- last cycle to which the sample was exposed. 
- arc heater operating current. 

Centerline Total Entha-py - heat flux enthalpy: see Sections 2.3.2 and 

Average Total Enthalpy - energy balance and mass balance enthalpies; 
see Section 2.3.3. 

Chamber Pressure - nozzle plenum pressure. 
Air Flow Rate - total air flow rate. 
Heat Flux - cold wall convective heat flux as measured by 

the calibration model prior to the test and 
the centerpost calorimeter of the test sample 
model: in the former case the small number to 
the right of the heat flux value is the arc 
heater current corresponding to the heat flux 
value: see Sections 2.3.2 and 3.3. 

Centerpost Stagnation 
Pressure - pressure measured at the centerpost of the 

test sample model. 

Comments - additional information where appropriate. 
-- 
*All section numbers refer to Volume I. 
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. I . ~ .. __ . .. . 

Note that data in parenthesis indicates that the accuracy is questionable. A 

malfunction of the data acquisition system for Tests 1959 through 1969 resulted 
in a scrambled data tape. The dump of this tape was read by hand and in many 
cases the channel identification and corresponding data value were subject to 
question. The series of questionable and missing data for this tests is due to 
this problem. 

* 

Table 3 - Test Sample Response 
This table provides the complete description of the test sample response. 

Data are presented for each test which typically covered 6 cycles; values are 
averages over the test except as noted below. The table headings are described 
below. 

0 

See above €or Table 2 

1 
i_ 

Test 

Test Condition 

Mode 1 

Sample 

Sample Description 

Cycle 

Cumulative Exposure Time - total exposure time for the test sample as of 
J 

the end of the test. 

Heat Flux - cold wall convective heat flux to which the 
the test sample was exposed. 

Stagnation Pressure - stagnation pressure to which the sample was 
exposed. 

Total Enthalpy - heat flux enthalpy; see above for Table 2. 
Heat Transfer Coefficient- cold wall heat tranfer coefficient, qcw/ho. 

Surface Temperature - as described below; designation in title block 
or in table body identifies primary pyrometer. 

Value - average value (60' samples), or for first or 
single entry, average value at the pyrometer 
viewing location that is hotter (120' samples) 
or hottest (180' and 360' samples), and for 
second entry where available, average value 
over entire sample. 
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e 

Range - the maximum range of temperatures over the 
complete test period (e.g., 6 cycles) and 
where appropriate over the multiple viewing 
locations on the sample. 

8 

Assumed Emissivity - emissivity values corresponding to the 
measured temperatures. 

Backwall or Midplane a 
Temperature - thermocouple measurements; backwall for 

metallics, carbon-carbon composites, and 
ablators, and midplane for surface insulators. 

e Apparent Emissivity - emissivity referenced to the TD-7 pyrometer 
(1.6 to 2 .7  microns) assuming the thermogage 
and TD-9 pyrometers provide correct readings 
at the assumed emissivity. 

Mass Loss - mass loss since the last test on the test 
sample. a 

Dimension Change - surface recession (positive number, referenced 
to the backwall) since the last test on the 
test sample. 

Comments - additional information where appropriate. a 
The comments relative to questionable data in Table 2 also apply here. 

Table 4 - Test Sample Performance Summary 
This table provides a supplement to the 35mm color slides in defining 

the performance characteristics and failure modes. Results are presented for 
all samples in the order in which testing was started on the samples. The table 
headings are described below. 

Test a - test number identification of the last test 
performed on the sample. 

See above for Table 2 
4 

Test Condition 

Mode 1 

Sample 

Sample Description 

End Cycle 

Total Exposure Time 

- final cycle to which the sample was exposed. 
- total time the sample was exposed to the in- (I 
dicated test conditions. 

1 
4 



Sample Response and 
Performance Charac- 
teristics - significant information related to sample res- 

ponse and performance 

Table 5 - Test Sample Surface Catalycity Results 
This table presents the test results on HCF in which heat flux was varied 

during a single cycle to obtain sets of surface catalycity results. The test 
conditions are presented in the identical format of Table 2 .  The test sample 
response is presented in a format similar to Table 3 .  The new headings in this 
latter table are described below. 

'1) 

Hot Wall Heat Flux - heat flux based on the measured cold wall heat 
flux but corrected for hot wall conditions based 
on the measured surface temperature. 

Radiation Equilibrium 
Temperature for qhw - surface temperature which would have been 

achieved under radiation equilibrium conditions 
for the hot wall heat flux and a fully catalytic 
surface. 

Radiation Equilibrium 
Heat Flux for Tw - net heat flux to the surface under radiation 

equilibrium conditions for the measured surface 
temperature. 

Heat Flux Ratio qre/qhw - surface catalycity ratio; see Section 4 .2 .2 .  
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